Objective: This study aimed to compare the effects of a low-intensity face-to-face therapy provided by a trained paediatrician to an intensive group therapy provided by a multidisciplinary team on the BMI of adolescents with obesity. Methods: This longitudinal cohort study included 233 adolescents aged 11-18 years (mean 13.1 ± 1.7 years). Patients and their parents choose either a low-intensity face-to-face therapy or an intensive group therapy (total 88 h). Results: At baseline, the mean BMI was 29.4 ± 4.9 kg/m 2 . Within groups changes of BMI zscores were significant at the end of follow-up both in the face-to-face (-0.2 ± 0.5) and the group therapy (-0.24 ± 0.5). There was no difference among groups. Younger age (12-14 years), gender, follow-up duration as well as BMI z-score at inclusion were significantly related to BMI z-score changes, independently of the type of intervention. As expected, the face-to-face therapy was far less expensive than the group therapy (USD 1,473.00 ± 816.00 vs. USD 6,473.00 ± 780.00). Conclusion: A low-intensity face-to-face therapy resulted in similar changes of the BMI z-score of adolescents than an intensive multidisciplinary group therapy. This approach could be easily disseminated in primary care settings with a specific training in obesity care.
Introduction
Childhood obesity is one of the most serious public health challenges of the 21st century, and its prevalence is increasing worldwide [1, 2] . It has a significant impact on both physical and psychosocial health, and put this population at risk of poor health and disabilities in adulthood [3] [4] [5] [6] . The treatment of child and adolescents obesity has been the subject of many studies. Multidisciplinary approaches, including nutrition, physical activity and behaviour therapy, are currently recommended [7] [8] [9] Family-based cognitive behavioural therapies are also emphasised, being more effective than interventions focused on the child only [9] [10] [11] [12] [13] [14] .
Stepped-care approaches, which mean increasing the intensity of the treatment with children who do not lose weight, are also recommended. Studies have shown that the more intensive the treatment, the more effective was the intervention, with medium (26-75 h contact time) to high-intensity (>75 h of contact time) therapies being more effective than lower-intensity ones (<25 h of contact time) [9, 15, 16] .
Most of these interventions were done in hospital-based units such as paediatric obesity clinics and required multiple health care professionals, which are often beyond the capacity of many clinical settings. Some of them were conducted in a primary care setting and have shown mixed results, with uncertain effect on excessive weight gain [9, [15] [16] [17] [18] [19] [20] . Most of these studies were performed in children under 12 years of age, and there is currently a research gap on feasible and effective obesity management strategies to treat adolescents. They may require special developmental considerations and therapeutic educational approaches, and it is still unclear if therapeutic programmes developed for children are also effective for adolescents [21, 22] . Their availability to attend intensive programmes may indeed be an important limitation for their participation.
The main purpose of this study was to compare the effects of two different types of interventions on the BMI of obese adolescents: a low-intensity face-to-face therapy provided by a trained paediatrician and an intensive group therapy provided by a multidisciplinary team.
Material and Methods

Study Design and Subjects
The present study was designed as a longitudinal cohort study including 233 adolescents with obesity (BMI > 97 percentile, WHO references) aged 11-18 years (mean ± standard deviation (SD) 13.1 ± 1.7 years) who visited the Paediatric Obesity Clinic of the University Hospitals of Geneva (HUG) between January 2008 and June 2012. Adolescents with obesity were referred by paediatricians, general practitioners, school nurses, families or by the staff of the Department of Child and Adolescent of the HUG.
After an initial assessment by the paediatrician, adolescents and their family choose the therapy type (low-intensity face-to-face therapy or intensive group therapy) according to their i) eligibility for the group participation, ii) will and motivation, iii) time for the scheduled group sessions (parents and adolescents) as well as the group availability. Subjects who were not eligible or did not choose the group therapy were allocated to the low-intensity face-to-face therapy arm. All patients were included in the study if they had a minimal follow-up of 5 months. Patients who had a shorter follow-up were excluded from the study.
The study was approved by the Research Ethics Committee of the HUG and adolescents and their parents provided their consents.
Intensive Group Therapy
The intensive group therapy is a family based behavioural therapy conducted by a multidisciplinary team (Contrepoids ® Programme of the HUG, total 88 h) was proposed to all subjects fulfilling the following criteria: i) to have at least one parent who can attend the parents' meetings, ii) to understand and speak French (adolescents and parents), iii) absence of psychiatric or developmental disorders limiting group participation, iv) absence of orthopaedic condition limiting the participation in physical activity.
The main goal of the intensive group therapy was to encourage lifestyle changes over a 1-year period. It consisted of psycho-educative sessions of 90 min with a dietician and a psychologist certified in cognitive-behavioural therapy, and sessions of 90 min of physical activity with a sport teacher specialised in adapted physical education. The year was divided in two parts: i) a 5-month intensive programme with one psycho-educative session per week for the adolescents and one or two sessions per month for their parents, ii) a 7-month maintenance programme with 4 sessions for the adolescents and 1 for their parents. Adolescents had a total of 18 sessions of 90 min during the year, corresponding to 27 h of contact with therapists, and their parents had 8 sessions in total (12 h of contact). The programme also included 90 min of physical activity once a week for the adolescents during the school year, except during holidays. For developmental reasons, adolescents were divided in two groups: 12-14 or 15-18 years old. A maximum of 15 families was included in each group.
The psycho-educative sessions used an integrative approach including psycho-education, stimulus control, behavioural awareness, small objectives settings and role play. The programme for parents consisted of nutrition-related topics and systemic interventions in order to facilitate family functioning [23] . In addition, each adolescent was encouraged to see the paediatrician every 3 months, during and after the end of the group therapy, for the medical monitoring.
Low-Intensity Face-to-Face Therapy
The low-intensity face-to-face therapy, which has been described elsewhere, is an out-patient consultation conducted by a paediatrician trained in obesity care [24] . Parents were encouraged to be present at all visits. Cognitive and behavioural management techniques were used to promote lifestyle changes in adolescents and their parents. The mean duration of a visit was 45 min. Participation in structured physical activities during leisure time was strongly recommended, but not organised by the clinics. Consultations were held at an interval of 1-3 months, depending on the adolescent and family needs. There were no exclusion criteria for this type of therapy.
Measures Anthropometrics
At each visit, body weight (kg) and height (cm) were measured. BMI was calculated as weight/height squared (kg/m 2 ), and z-scores were derived using the World Health Organization references [25] . Overweight was defined as BMI z-score between 1 and 1.99 SD and obesity above 2 SD.
Costs of Therapy
Direct treatment costs were calculated on the basis of the Swiss system of procedure codes (TARMED). All costs were transformed from Swiss currency (CHF) to US Dollars (USD) using the current exchange rate (1 USD = 0.965 CHF). A 45-min medical consultation with a paediatrician costs USD 228.00. The Swiss health insurance companies reimburse USD 4,352.00 for the structured multidisciplinary group therapy. Noteworthy, this price has been negotiated in 2007 with the insurance companies but is underestimated [26] . In order to calculate the total direct costs of the group therapy, we cumulated the costs of the group sessions (fixed rate of USD 4,352.00) and those of the number of medical consultations before, during and after the group therapy.
Statistical Analysis
For the analysis, we selected patients who had a minimum of 5 months of follow-up, corresponding to the duration of the intensive part of the group therapy. The calculation of the sample size was based on the expected change of the BMI z-score in each group as the primary endpoint [13] .
In a previous cohort study on obese children and adolescents treated with face-to-face therapy, we found a reduction of -0.18 ± 0.40 of the BMI z-score [24] . Therefore, with an anticipated effect size of 0.18, a sample size of 33 subjects in each group or sub-group could detect statistically significant differences at p < 0.05 with a statistical power of 80%. According to the number of subjects in each sub-group (the face-to-face therapy being the control group), a power calculation analysis with an alpha error of 5% showed that the statistical power to i) group allocations was 87.3%, ii) the 12-14 years age categories was 78.4%; and iii) the 14-18 years age categories was 67.5%. The number of subjects needed to show a difference was: i) 55 in the group and 116 in the face-to-face therapy; ii) 54 in the 12-14 years in the group and 119 in the 12-14 years face-to-face therapy; and iii) 74 in each treatment arm for the 14-18 years. Therefore, the number of subjects was enough to detect a difference between therapy allocations and age groups.
Hours of contact with a health professional were calculated as a proxy for treatment intensity. Statistical analyses were performed using the SPSS software 18.0 (Chicago, IL, USA). Data were normally distributed and presented as mean and SD. Statistical differences were analysed using independent Student's t-test, chi square test and paired t-test. Linear and standard multiple regression analyses were used to study the influence of several variables (age, gender, BMI z-score at inclusion, contact and follow-up times as well as treatment allocation) on the evolution of the BMI. Differences were considered significant if p < 0.05.
Results
Between January 2008 and June 2012, 325 adolescents aged between 11 and 18 years attended the Paediatric Obesity Clinic of the HUG. Due to a short follow-up period (<5 months), 92 were excluded from this analysis (dropout rate 28.3%). Excluded patients were comparable in age, gender and BMI-z-score at inclusion, but had 2.2 ± 0.4 h of contact time and only 2.2 ± 1.3 consultations. Of the remaining 233 subjects, 74 met the inclusion criteria for an intensive group therapy and 159 adolescents were allocated to a face-to-face therapy.
Patients' Characteristics
A total of 120 (51%) girls and 113 (49%) boys were included in the study. Mean BMI and BMI z-score were 29.4 ± 4.9 kg/m 2 and 2.6 ± 0.6, respectively. 32 subjects (14%) were overweight and 201 (86%) were obese. Patients' characteristics at baseline according to the treatment arm are presented in table 1 . BMI z-score at baseline was the same for the two arms.
Evolution of Patients
The group therapy was well attended by the adolescents and their family with a mean attendance rate of 84 %. Face-to-face and group therapies had the same mean follow-up time ( table 2 ). Retention rate was 70.4% at 12 months, with 69/233 who stopped the follow-up at ≤ 12 months. The retention rate was significantly better in the group therapy compared to the face-to-face therapy arm (60/74 i.e. 81.1% vs. 104/159 i.e. 65.4%; p = 0.015). Hours of contact with a therapist were 6 times higher in group than in face-to-face therapy (total before, during and after the programme). BMI z-score was significantly reduced and to a similar extent in both treatment arms, even when adjusted for age and BMI (F = 1.25; p = 0.291). Changes according to the age categories (12-14 or 14-18 years old) and treatment arms are summarised in table 2 . Improvements were observed for both treatments and age groups. However, changes were only significant in the younger age category in both types of therapy. In the group of 14-to 18-year-olds, BMI z-scores were also reduced but to a lesser extent. Face-to-face therapy at this age had the shorter follow-up time. Figure 1 shows the evolution of the BMI z-score according to treatment arms and age categories.
When analysed by gender, BMI z-scores were similar at baseline (boys 2.7 ± 0.7 vs. girls 2.5 ± 0.6; p = 0.072). Both genders reduced significantly their BMI z-scores but globally changes were significantly greater in boys (boys -0.30 ± 0.57 vs. girls -0.13 ± 0.34; p = 0.008), especially in the group therapy (boys -0.49 ± 0.7 vs. girls -0.09 ± 0.3, p < 0.01). We also categorised the evolution in 3 groups: i) improvement when BMI z-score decreased by more than 0.1; i) stabilisation with a BMI z-score change of ±0.1; and iii) poor evolution when BMI z-score increased by more than 0.1. In our population, the majority (52.8%) of adolescents improved their BMI z-scores (123/233 i.e., 52.8%), 28.3% (66/233) stabilised, and only 18.9% (44/233) of them show a poorer evolution. To understand which factor predicted the evolution of the BMI z-score, we performed linear and multiple regression analyses ( table 3 ) . Results of linear regression showed that gender, follow-up time as well as BMI z-score at inclusion were significantly related to changes in BMI z-score, but on little magnitude (R 2 change between 2.6 and 3.2% only). Thus, the higher the BMI z-score at inclusion and the longer the follow-up time, the greater was the BMI z-score change. It is interesting to note that age, treatment allocation or number of contact hours had no influence on BMI z-score.
The direct costs were USD 1,279.00 ±875.00 for face-to-face therapy and USD 6,941.00 ± 836.00 for group therapy, the former being 5.4 times less expensive than group therapy.
Discussion
This study aimed to compare two types of interventions for obese adolescents: a lowintensity face-to-face therapy by a trained paediatrician and an intensive multidisciplinary group therapy. Results showed similar reduction in BMI z-scores in both treatment arms, suggesting that therapy by a trained paediatrician may be a good alternative to high-intensity treatment for obese adolescents. Although the reduction of BMI z-score remains modest, it was of the same magnitude, or even greater, than in previous research (BMI z-score change -0.15) [27] .
Among the 325 adolescents attending our obesity clinic during the study period, only 74 (22.8%) of them were able to attend the intensive group programme. This finding highlights the difficulty to engage adolescents and their family in such a therapy. The inclusion criteria and the lack of places in group programmes were also limiting factors. Thus face-to-face therapy with a trained paediatrician was a good alternative for the patients who could not participate in an intensive group therapy. Interestingly, the low-intensity face-to-face therapy was as effective on BMI z-score as the intensive multidisciplinary group programme. These results contrast with most of the previous studies reporting better outcomes for moderate to high-intensity weight management programmes [7, 9, 13, 28] . To our knowledge, only few studies are supporting our findings, emphasising the importance to propose a low-intensity therapy for obesity in adolescents, especially when the load of a high-intensity therapy is not suitable for the family [18, 24] . Furthermore, these intensive interventions are difficult to implement in primary care settings.
In this study, younger adolescents showed greater changes in BMI z-score than older ones, independently of the therapy arms. These results were not related to the BMI z-score at the time of inclusion or to the number of hours of contact. However, follow-up time was significantly longer for the 12-to 14-year-old adolescents seen in face-to-face therapy. Some other factors may explain these differences: pubertal growth spurt, changes in metabolism and nutritional needs during rapid growth and maturation, psychosocial factors, as well as parental influence at this age. The difference between age categories in the treatment arms was not significant, due to the small number of subjects.
We also observed greater BMI z-score changes among boys. Although there is still controversy in this field, three studies performed in face-to-face setting [28] [29] [30] confirm our findings, even if the difference was not significant in the study of Sabin et al. [29] . In our preceding cohort including younger children in face-to-face therapy, we did not find any association between BMI changes and gender [24] . Another study comparing face-to-face and group interventions found greater changes in girls compared to boys [31] . None of the authors addressed this issue in the discussion, probably because of the difficulty to explain this gender's difference. Greater changes in boys participating in group interventions may be due to the structured physical activities, combined with greater lean tissue mass and energy expenditure in adolescent boys. However, one study published the opposite findings in girls after a physical activity programme [32] . The authors suggested that girls may have greater benefits from the intervention being less active than boys at baseline as well as having different post-exercise eating behaviour. Further research is needed to understand genderspecific adaptations during therapy.
Societal interests request to hold down uncontrolled health care spending. Our data suggests that in adolescents a low-intensity face-to-face intervention with a trained paediatrician was far less expensive than a much more intensive programme (5.4-fold cheaper), supporting the importance of training of primary care physicians and paediatricians.
The strength of this study was the high number of adolescents who participated in the face-to-face or group therapy and the retention rate. The main limitation of this study was the prospective longitudinal design instead of a randomised controlled trial. However, due to ethical and practical reasons, it would have been difficult to impose an intensive intervention to families who could not or would not like to attend it [33] . Our study reflected real-life conditions, and not ideal circumstances of study trials with selected adolescents, which should rather be considered as strength. Another limitation was that follow-up time was not identical for all subjects, with a wide variation between them. However, the mean follow-up time was still 20 months, which is quite long considering the high dropout rate observed by most obesity centres [13] .
Conclusions
This study demonstrated that a low intensity face-to-face therapy provided by a trained paediatrician was as effective as an intensive multidisciplinary group therapy to reduce the BMI z-score of adolescents with obesity. These findings highlight the need to offer diversified and individually adapted health care options for this population. As more than 12 million of youths are overweight in Europe and the majority of them do not have access to a specialised care centre, paediatricians and primary care physicians who received adolescents should be trained in obesity care in order to manage these patients effectively. One of the greatest challenges will be to maintain lifestyle changes in the long term, as obesity is a chronic disease that requires sustained and continuous efforts. Primary care physicians may provide this long-term follow-up, even in remote regions. More studies are however needed to assess the clinical significance and the long-term maintenance of various types of therapies on BMI in adolescents. It will also be essential to determine how to improve the knowledge and skills of paediatricians and primary care providers on obesity care at national levels.
